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Abstract:  This paper deals with the practical aspects of the design of two active noise control 
(ANC) systems to attenuate low frequency noise. In the first instance, a hybrid passive-active 
control system to reduce the noise radiated by a small generator has been designed. A SISO 
ANC system, in a side branch of the exhaust tube, attenuates some of the harmonics of the low-
frequency exhaust noise as much as 27 dB. In the second instance, a MIMO ANC system is 
designed to alleviate the booming inside a van. The booming is reduced more than 20 dB at the 
front seats. 
 
1. Introduction 
 
Active noise control (ANC) techniques 
rely on the destructive interference between the 
existing, or primary, noise and the anti-phase, or 
secondary, noise set up by an electronic controller 
(Nelson and Elliott, 1992; Hansen and Snyder, 
1997; Kuo and Morgan, 1996). The simpler 
adaptive ANC system processes a reference signal 
to generate the control signal that drives the 
secondary source. An error signal monitors the 
control performance. The adaptive filter must 
extrapolate the acoustic field from the reference 
sensor to the error sensor (primary path) and 
compensate for the transfer function between the 
control source and the error sensor (secondary path) 
(Cobo, 1997). Since ANC works best on low 
frequency noises, the active approach complements 
the traditional passive control methods. 
The aim of this paper is to illustrate the 
design of two ANC systems. In the first instance, a 
hybrid passive-active control system is designed to 
reduce the noise radiated by a small generator. 
Passive control is afforded by a close-fitting 
enclosure lined with absorbing material. The low 
frequency noise radiated through the exhaust is 
controlled by a SISO ANC system implemented in 
a side-branch configuration. In the second instance, 
a MIMO ANC system is designed to alleviate the 
booming inside a van. The ANC system uses the 
reference signal provided by an accelerometer on 
the left engine mount to drive six loudspeakers that 
radiate the out-of-phase booming. The signals 
picked up at six microphones adapt the controller in 
the least mean square way.  
 
2. Passive-active control of noise radiated by a 
small generator 
 
The noise source is a small combustion 
Honda EG1900 engine that radiates periodic noise 
related to its rotational velocity. It is enclosed in a 
steel box designed to have the highest Insertion 
Loss. The interior walls of the enclosure are lined 
with absorbing material and a three-layers damping 
material has been sandwiched between the 
generator mounts and the floor.  
A MOTRAN HTL6 loudspeaker, which 
supports temperatures as high as 174 ºC, is used as 
secondary source. An electret FONESTAR 2214 
microphone in the exhaust picks up the error signal. 
To reduce the high noise levels downstream the 
exhaust pipe, the microphone is inserted into a 
brass tube, closed at the end in contact with the gas 
flow. To avoid heating problems, the microphone is 
isolated from the brass tube by a Teflon ring. The 
designed active control system is feedforward, so 
that a good quality reference signal, coherent with 
the primary noise, is required. The optimal 
reference is afforded by two accelerometers over 
the air filter case of the generator, close one 
another. Two accelerometers filtered in overlapping 
frequency bands are used to provide redundant 
reference information.  
A configurable ANC system, 
implemented on a TI TMS320C40 DSP, which 
incorporates both FX-LMS and FU-LMS 
algorithms, was used to optimise the SISO control 
system. An IIR filter yielded the best results. 
Sampling rate and antialiasing frequencies were 
2000 and 500 Hz, respectively. References 1 and 2 
were filtered in (40-150 Hz) and (100-300 Hz), 
respectively. The error signal was filtered in (40-
300 Hz). 
 
 
Fig. 1. (a) Coherence between the error signal and 
references 1 (dashed, blue) and 2 (solid, red). (b) 
Relative level of the error signal with the ANC system 
off (light, blue) and on (thick, red)  
 
Fig. 1a shows the coherence between the 
references and error signals. Fig. 1b exhibits the 
averaged log-magnitude spectrum of the exhaust 
noise with the ANC system on and off. Most of the 
harmonics in the frequency band (50-300) Hz were 
attenuated. The fundamental frequency, N = 32.5 
Hz, is out of the response frequency band of the 
loudspeaker. The maximum attenuation, 27 dB, 
occurs at the frequency 2N = 65 Hz. 
 
3. Active control of the booming inside a van 
 
For a typical four-cylinder powered 
vehicle, the most significant contribution to the 
interior noise is the 2nd order harmonic of the 
engine rotational speed. Under usual driving 
conditions, when the operating engine speed runs 
from 1500 to 6000 rpm, the 2nd order excitation 
varies from 50 Hz to 200 Hz. Internal acoustic 
modes are excited in this frequency range resulting 
in increased sound, known as “booming”. A 6I/6O 
ANC system has been designed to control the 
booming inside the van over the whole frequency 
range under hard driving conditions. 
In the 6I/6O ANC configuration, a 
reference signal feeds a digital controller, which 
drives six control signals to minimise the pressure 
levels at six microphones. The vertical vibration 
signal picked up by an accelerometer at the left 
engine mount has been used in this system as 
reference signal (Bravo et al., 1999a). Six electret 
microphones were used, all of them placed on the 
interior side of the seat headrests (Bravo et al., 
1999b). Four loudspeakers were located at the 
upper corners and two under the middle and back 
seats. 
A configurable ANC system that 
implements the FX-LMS algorithm in a TI 
TMS320C40 DSP was used. Both the system 
identification and the adaptive filters were FIR in 
order to reduce the computational effort. Fig. 2 (a, 
b) shows the 2nd order tracking curves at the front 
seats, for a fast run-up of the engine at 3rd gear, 
with the ANC system off (solid, blue) and on 
(dashed, red). The tests were carried out in a rolling 
bank within a semi-anechoic room. The booming is 
evident around 3600 rpm. The ANC system reduces 
the 2nd order SPL more than 20 dB at some 
frequencies. This reduction in the 2nd order 
harmonic provides an improvement in overall A-
weighted sound pressure level. Fig. 2 (c, d) shows 
this A-weighted sound pressure level at the front 
seats (error microphones M1 and M2), under the 
same driving conditions (3rd gear, fast 
acceleration). The booming is again obvious in the 
overall levels around 3600 rpm. The ANC system is 
able to cancel out the booming. 
 
 
Fig. 2. 2nd order tracking in the front-left (a) and front-
right (b) error microphones with the ANC system off 
(solid, blue) and on (dashed, red). Overall  A-levels at 
front-left (c) and front-right (d) microphones with the 
ANC system off (solid, blue) and on (dashed, red)   
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